The quasi-elastic nuclear responses a t intermediate momentum transfer (q -2-3 m,) are mainly sensitive to average volume properties. Consequently we expect that a phase space approach, as Thomas-Fermi (TF) theory, w i l l provide a correct description of the excitation mechanism i n the conti_nuum. This feature has been explicitely proven i n the case of the single particle response for which the TF result compares extremely well to i t s quantum mechanical analog [I] . Moreover, a realistic TF-RPA calculation [2, 31 gives a satisfactory description of both longitudinal and transverse structure functions measured i n (e,e9) scattering experiments [4] .
When applied t o the problematic of spin-isospin responses, the TF theory [3], as the nuclear matter approach [5] , predicts marked collective effects involving the whole nuclear interior. The transverse response R T should be quenched even a t momenta of order 2 F m ' since the short range repulsion (usually characterized by a Landau-Migdal parameter g') s t i l l dominates over the attractive rho exchange. The experimental response [4], known from (e,e') data is compatible w i t h this collective behaviour. On the other hand, the longitudinal response RL, sensitive to the long-range pion exchange potential, should exhibit collective effects of opposite nature as a reflect of the nuclear pionic field enhancement [5] . Thus a net contrast between RL and R T is expected at momentum transfer around 2 ~m -' .
These theoretical ideas have strongly motivated a ($,pt) experiment which has been performed i n Los alamos [6] . The resulting data were first rather deceiving as they showed no contrast and seemed to contradict the existence of the contrast. We w i l l show that those data do not actually rule out the expected collective nature of the spin-isospin responses. The reason lies i n the fact that protons essentially probe the nuclear surface where specific effects depending on the gradient of the density show up. Those effects, which cannot be simulated by simply lowering the density i n the TF scheme, w i l l be incorporated through a Wigner-Kirkwood expansion of the response up t o order Ti2. The surface correction terms acquire an important weight when the nucleus is probed by hadrons and then strongly mask the collective reshaping of the T. The semi-classical method consists i n an expansion in power of fi of the WT [nPBlW. In practice we w i l l l i m i t ourselves to order -ti2. The responze to an external weakly in e r a c t~n g probe, transferring to the nucleupa momentum-energy q , w and interacting w i t h the nucleus throuqh the one-body operator A(q ) is then obtained as :
THE PARTICLE-HOLE (OR MEAN FIELD) RESPONSE FUNCTION
We consider a spherical nucleus with N = Z wherc the nucleons move i n a central local single particle potential V(R). The pure particle-hole response is independent of the spin-isospin structure of the excitaLion operators and writes very generally :
A where H est the single particle Hamiltonian and E~ is the Fermi energy. We expand the r.h.s. of Eq. (3) up to order 5'. The f a m i l~a r Thomas-Fermi result [I] is recovered as the first term (i.e. f1° term) of the expansion. In the momentum range of interest, the surface-peaked f l Z contribution gives only a few per cent correction. We show on fig. 2 the result of the calculation for 4 0~a (Woods-Saxon potential w i t h parameters taken from Myers 
The 1engt.h~ expression of a (q ,R ; w) w i l l be given i n a f o r t h c o m~n g paper. N o t e t h a t the last t e r m of Eq. (5) does n o t contribute t o the p-h response. However i t w i l l become i m p o r t a n t i n the renormalization procedure (see Eq. (10) below). F r o m Eq. (4) we also see t h a t there is a longitudinal transverse coupling t e r m whose W-T w r i t e s : One sees t h a t the L -T m i x i n g e f f e c t occurs only t o order -I7 and thus disappears i n the T-F a p p r o x i m a t i o n . A f t e r s o m e a l g e b r a w e f i n d f o r t h e R P A l o n g i t u d i n a l response :
H e r e goL is t h e w e l l known TF-RPA expression :
which yields renormalization and enhancement o f t h e response. We have divided i n Eq. (7) t h e h2 c o r r e c t i o n t e r m i n four distinct pieces. The f i r s t one may be understood as the renormalization of the h2 part. of t h e mean-field response. It w r i t e s :
and also contributes t o the enhancement o f the response. However the most interesting (and the most important)-Ii2 t e r m is the second one :
which contains the L T mixing term. I t tends to attenuate the collective reshaping of the response. The last two*' terms have the same e f f e c t but are less important for our cases of interest. +Their $xpressions are quite complicated and involvf gradients of a w i t h respects to q and R as well as gradient of V w i t h respect to q. As for the traisverse response, R T is simply obtained by exchanging {he role of L and T i n Eqs. (7), (8) and (9). The e f f e c t of the h2 terms is reversed i.e the quenching is reduced. 
RESULTS AND DISCUSSION
For mathematical convenience the calculations have been carried out a t finite temperature and the zero temperature case is obtained as a limit. In practice T = 1 MeV is sufficient. On fig. 2 , we show the results for the longitudinal response of ' O C~ a t q = 350 MeV/c. The Landau-Migdal parameter is taken to be g' = 0.7. A t the TF level, we have a net collectivity as can be seen by comparison of mean field result (dotted line) with the RPA response (dot dashed line). When the 1F2 corrections are included, the mean field response (dashed line) although slightly larger, remains very close t o i t s TF analog but the RPA response (full line) is reduced, w i t h respect to the TF-RPA one, by about ten per cent a t low energy. Thus, once+' corrections are added, the collectivity is a l i t t l e reduced but s t i l l very net.
Unfortunately, the volume longitudinal ysponse is not known experimentally. The only available information comes from the (P,~') Los Alamos experiment [ 6 ] which essentially measures surface responses. Thus, the surface-peaked -t12 term w i l l obviously acquire a much more important relative weight yielding a considerable reduction of the collective effects. I n addition the isoscalar spin responses also enter, I n this experiment Carey and collaborators measured i n fact the ratio. a t a momentum q = 350 MeVlc. The tilde mean that we are dealing w i t h surface responses and the distorsion e f f e c t is taken into account through a position dependent weight factor C(R) multiplying the integrand i n Eq. (7). C(R)is derived in ref. [3] . In Eq. ( I I ) , we have s p r o x i m a t e d the isoscalar responses RL T (~,~) by the mean field one. The calculated ratio X for ' O C~ is displayed on Fig. 3 . We sde that the TF theory (dashed line) fails and the*' corrections considerably improve the agreement w i t h data. The results for lead (not shown here) are very similar to those for Ca reflecting the f a c t that the surface properties do not depend very much on the mass number. Similar conclusions have been reached by Alberico e t al. [8] within a (simplified) quantum mechanical RPA framework i n a harmonic oscillator basis. Our method has the merit of flexibility, once the formalism is established, it is very easy with small computer time t o perform calculation for different conditions, such as other incident energies or other probes 'He-T. Although our results s t i l l remain above the data, they are quite conclusive and mainly show that the absence of contrast is mainly due to the peripheral nature of the probe. We should also mention that improvements i n the theoretical description (such as inclusion of 2p-2h contribution, reno~malization of the isoscalar responses [ 9 3 is likely to further reduce the calculated ratio X. From the above discussion, one can conclude that the access t o the l o~g i t u d i n a l volume response require further experiments. Charged pion electroduction (e,e'f ! 1101 could provide additional information i n that direction but such an experiment is feasible only w i t h the next generation of high duty cycle machines. 
